Background: Few studies have focused on the potential relationship between parental educational level and cardiovascular risk factors among young male adults. The aim of this study was to investigate cardiovascular disease risk factors among young men and whether body mass index (BMI), serum lipids, physical fitness and smoking habits were related to paternal and maternal education. Methods: In this cross-sectional study 750 18-to 26-year-old male recruits participated. Results: Linear regression analyses showed that the paternal education was inversely associated with BMI (P = 0.035) and the concentration of total cholesterol (P = 0.003) and low-density lipoprotein (LDL) (P = 0.014). Running performance was inversely related to cigarette smoking (P = 0.022) and the concentration of triacylglycerol (P = 0.001). BMI was positively related to the concentration of LDL (P = 0.002), total cholesterol/high-density lipoprotein (HDL) ratio (P < 0.001) and inversely related to the concentration of HDL (P < 0.001), running performance (P < 0.001) and muscular strength (P = 0.011). Recruits with low BMI, both high and low fitness, had a significantly better lipid profile than recruits with high BMI and low fitness (P 0.016). A lower concentration of triacylglycerol (P 0.001) and a higher concentration of HDL (P = 0.034) were further shown among recruits with high BMI/high fit compared to recruits with high BMI/low fit. Conclusions: High paternal educational level was associated with a lower BMI and a better lipid profile among young adult men. Furthermore, men with low BMI, both high and low fit, had a better lipid profile than those with high BMI/low fit. Men with high BMI/high fit had a better lipid profile that those with high BMI/low fit.
Introduction

I
n most European countries, studies among children and young adults during the last years indicate a general trend of a less healthy lifestyle and increased prevalence of overweight and obesity. 1 The increased prevalence of adiposity may be accompanied by a clustering of cardiovascular risk factors, even at young age. 2 Clinical data indicate that elevated concentrations of total cholesterol, triacylglycerol and lowdensity lipoprotein (LDL) are risk factors for cardiovascular events. 3, 4 High-density lipoprotein (HDL) is reported to have an anti-atherogenic effect, and the concentration of total cholesterol and total cholesterol/HDL ratio have been demonstrated to be efficient markers for predicting coronary disease. 3, 5, 6 The relationships between socio-economic factors and health indicators have previously been well established. 7 Several studies have demonstrated that the groups with low educational level may have an increased risk of cardiovascular disease, partly due to an unhealthy lifestyle compared with the groups with high educational level. 7, 8 Even in early life, low parental education may contribute to an individual's overall risk of developing cardiovascular disease in midlife. 9 The relationship between educational level and overweight/ obesity may differ in various settings, according to economics and cultural traits. 10, 11 In a study among 18-to 19-year old American and Norwegian males, a significant social gradient was shown for parental education in the American sample, whereas overweight did not differ by parental educational level in the Norwegian sample. 12 The authors suggested that the results may reflect the major differences both in adolescent health indicators and socioeconomic patterning which was demonstrated between the Norwegian and the American sample. 12 Contrary to the results from the Norwegian sample in the latter mentioned study, Swedish studies showed that low parental educational level was associated with overweight among 18-year-old male recruits in the military service. 13, 14 In the studies mentioned above, mothers' education had been selected as an indicator of socioeconomic status. Since fathers may act as role models for young adult men, examining the relationship between both paternal and maternal education and overweight/obesity, as well as other risk factors for development of cardiovascular disease among young men, is of interest.
Leino et al. 15 showed that parental education was inversely associated with total cholesterol and LDL in serum, especially in female subjects. The finding that socio-economic status, measured as occupation of mothers, was positively related to physical fitness in children and adolescents may have implications for a trend towards overweight for both boys and girls.
between parental education and smoking habits among young male adults and whether both paternal and maternal educational level is related to smoking habits of young men.
The aim of this study was to investigate biological and behavioural risk factors of cardiovascular disease in young Norwegian men and whether BMI, serum lipids, physical fitness and smoking habits were related to paternal and maternal educational level.
Methods
Participants
Male recruits (18-to 26-years-old) are enrolled in the Norwegian National Guard twice a year. Eligible participants included two consecutive enrolments at Vaernes military centre (Camp A)-January 2004 (n = 231) and July 2004 (n = 432)-where 541 (82%) recruits agreed to participate in the study. In August 2005, 237 newly enrolled male recruits in the Norwegian Army, Heggelia (Camp B) were asked to participate, and 209 (88%) agreed. The overall participation rate was 83%.
Study design
Data collection was carried out by trained research staff in the military camps during the first week after enrolment in the military service. Blood samples were taken, and information on age, smoking habits and parental education were collected using a self-administered questionnaire. Body weight, height and physical fitness levels were also measured. The Ministry of Health and Care Services, Regional Committee for Medical Research Ethics and the Data Inspectorate approved the study protocol. Written consents were obtained from the recruits prior to participation in this study.
Measurements
Current smoking status was measured as a dichotomous variable (yes/no). Continuous variables included current age of recruits, number of cigarettes smoked per day and number of years of smoking. Parental education was reported as a fourlevel categorical variable: (i)elementary school, (ii)high school, (iii)college/university (1-3 years) and (iv)college/university (>3 years). As Norwegian men usually complete their military service just after high school, the educational level of the recruits was not considered useful for the purposes of this study. Body weight in kilograms was measured after an overnight fast and height was measured to the nearest centimetre. Two physical examinations, a 3000 m run and a muscular strength test, were conducted. According to military requirements, 15 min was the maximum time allowed to obtain an approved result from the 3000 m run. Muscular strength was measured as number of push-ups, sit-ups and lift-ups. Results of the muscular strength tests were categorized on a 6-point scale. Grade 6 was the highest possible score, whereas grade 2 was the lowest score required for approved performance according to the military guidelines. To obtain grade 2, the recruits had to accomplish 16 push-ups, 20 sit-ups and 4 lift-ups.
Blood samples were collected after an overnight fast (!12 h) from resting individuals. The participants were also restricted from drinking any liquids and using tobacco for 12 h before blood sampling. The blood samples were centrifuged within 4 h at 2000g for 10 min at 4 C and serum was transferred to 1 ml blood collection tubes. The serum samples were immediately frozen at À 20 C and sent to Stavanger University Hospital in Norway and then stored at À70 C until they were analysed. Total serum cholesterol, triacylglycerol and HDL were measured with enzymatic procedures (Roche, Mannheim, Germany) at Stavanger University Hospital. Concentration of LDL was calculated by using the Friedewald formula (total cholesterol À HDL À 0.46 Â triacylglycerol). 18 Coefficients of variation for the measured serum lipids were: <0.3% for total cholesterol; <0.7% for triacylglycerol; and <2% for HDL.
Statistical analyses
All statistical analyses were conducted with SPSS, version 15.0 (SPSS Inc., Chicago, IL, USA). Data are presented as means and corresponding 95% confidence intervals (CIs). Linear regression models were used to identify and adjust for other factors (age, physical health variables and parental education) that were associated with variation in BMI, concentration of serum lipids and physical fitness among the recruits. The Norwegian military guidelines have described the requirements to pass the physical tests, however all results were included in the analyses. Due to unequal group sizes, parental education was merged into a 2-level categorical variable for regression analyses; (i) elementary and high school (low), (ii) college/ university (high). Standard regression coefficients (b) and P-values were given for all of the independent variables. Median cut-points for BMI and the results from both tests of fitness (mean grade) were used to determine the classification of the recruits in to four cross-tabulated groups; low BMI/high fit; low BMI/low fit; high BMI/high fit and high BMI/low fit. Differences in the concentration of serum lipids across the groups were assessed by ANOVA. Post hoc analyses were analysed by the Bonferonni multiple comparison tests. Table 1 shows characteristics of the study sample. A total of 34.8% of the recruits were overweight or obese according to the definition by World Health Organization. 1 Using the military's evaluation criteria for physical fitness, 60.7% of the recruits obtained approved results on the 3000 m run ( 15 min), and 52.2% on the test of muscular strength (!grade 2). There were no significant differences between the two military camps with regard to concentration of serum lipids, physical fitness levels of the recruits or parental educational levels. In Camp A, however, mean age was higher (P < 0.001), BMI was lower (P = 0.014), there was a higher prevalence of smokers (P = 0.004) and a higher consumption of cigarettes among the smokers (P = 0.002) compared with Camp B. In addition, the smokers in Camp A reported having been a smoker for a longer period of time than did smokers in Camp B (P = 0.007).
Results
A multivariate linear regression analysis with BMI as the dependent variable showed an inverse association with high educational level compared with low educational level of the fathers (table 2; P = 0.035). Furthermore, BMI was inversely related to running performance (P 0.001) and muscular strength (P = 0.011). Running performance was significantly and positively related to muscular strength (P 0.001) and inversely related to smoking (P = 0.022) and BMI (P 0.001). Muscular strength showed a significant positive relationship with running performance (P 0.001) and a significant inverse relationship with BMI (P = 0.011). Smoking cigarettes and the number of cigarettes smoked per day was not significantly associated with paternal or maternal education after adjusting for age, physical fitness and BMI (table not shown, linear regression, R 2 = 72.9%). Furthermore, the results from multivariate linear regressions showed an inverse relationship between, paternal education and the concentration of both total cholesterol (P = 0.003) and LDL (0.014) (table 3) . The regression analyses also showed that the concentration Health status among young men of triacylglycerol was inversely related with running performance (P = 0.001). In addition, the concentration of HDL was inversely associated with BMI (P 0.001) whereas LDL was positively associated with BMI (P = 0.002). Furthermore, total cholesterol/HDL ratio was positively associated with BMI (not shown: P < 0.001).
The study also showed a significantly lower concentration of total cholesterol, triacylglycerol and LDL and a higher concentration of HDL among the recruits with low BMI/ high fitness compared to recruits with high BMI/low fitness (table 4, P 0.001 for all). The recruits with low BMI/low fitness had also a significantly lower concentration of total cholesterol (P = 0.016), triacylglycerol (P 0.001) and LDL (P = 0.001) and a significantly higher concentration of HDL (P 0.001) than the recruits with high BMI/low fitness. A lower concentration of triacylglycerol (P 0.001) and a higher concentration of HDL (P = 0.034) was further shown among recruits with high BMI/high fitness compared to recruits with high BMI/low fitness.
Discussion
The Norwegian military is probably one of the best-suited institutions to reach a broad selection of young Norwegian men. Military service is compulsory in Norway and men from different social classes and all geographical areas of the country were represented in this study. The participation rates in both military camps were high. Results are therefore likely to reflect health status of young Norwegian men in general. Data were collected during the first days after enrolment, thus characteristics will reflect physical fitness levels, BMI and health status of the recruits in the period prior to military service. It is also relevant to discuss the accuracy and validity of the reported levels of parental education in the present study. Lien et al. 19 demonstrated that the accuracy level of adolescents' (13-15 years old) proxy reports on their parents' educational level was fair. A large meta-analysis demonstrated a strong relationship between accuracy of reports of parents' educational level and the age of child informants. 20 Little information is available on the accuracy of young adults' reports of parental socioeconomic status. Since young adults are older, more accurate reports on parents educational status from questionnaires would be expected compared with reports from children and adolescents.
In contrast to our study, previous studies have mainly reported parental education as a collective predictor of health status, rather than reporting separate effects of maternal and paternal education. In many cultures, most children from split families live together with their mothers. Therefore, some studies have selected the mothers' education as an indicator of SES. In Norway, joint custody is usually preferred by the parents after the break-up. This arrangement assures that both parents have regular contact with their children, and thus both fathers and mothers will act as role models for their children.
The present study investigated the relationship between the parental education and cardiovascular disease risk factors in young male adults. An inverse relationship was shown between the paternal education and both BMI and the concentration of total cholesterol and LDL. In accordance with the results from Results from multiple regression models. Regression coefficients (b) and 95% CI. The variables were entered into the regression models in a single step. n = 537, Ã P 0.05; ÃÃ P 0.01; ÃÃÃ P 0.001. European Journal of Public Health regression analyses in our study, Paavola et al. 21 observed no association between parental socioeconomic status, including parental educational level, or social mobility and smoking habits among adolescents and adults between 13 and 28 years old. Other studies, however, have demonstrated an inverse association between young adult smoking and parental education after adjusting for age. 17, 22 The present study showed no relationship between parental education and physical fitness. On the other hand, Bellisle et al. 23 demonstrated that families of higher socioeconomic strata (income and education of parents) were more devoted to childrens' sports activities. Information on the relationship between parental education and physical fitness, however, is scarce.
Results from our study suggest that BMI and concentrations of total cholesterol and LDL of young male adults are significantly inversely related to the educational level of the fathers but not the education level of the mothers. Goodman et al. 24 demonstrated that low parental education, measured collectively, was associated with high BMI, high LDL and low HDL concentration among high school students. This latter study, however, did not investigate gender differences among the students. A higher prevalence of overweight was also observed among 18-year-old males from low-educated families compared with those from high-educated families. 25 The study by Kark and Rasmussen 14 also demonstrated a significant inverse relationship between BMI of 18-year-old men and maternal educational levels, whereas paternal educational levels were not examined.
The results of the present study showed an inverse association between both BMI and the results on the physical tests and between running performance and smoking of cigarettes. BMI level was also inversely associated with the concentration of HDL and positively associated with LDL concentration. In addition, running performance was inversely associated with the concentration of triacylglycerol. Despite normal BMI and lipid profiles of most recruits, the participants of the present study showed fairly low scores on both physical tests. While the mean level of BMI was within the normal range according to WHO (18.5-25 kg/m 2 ), 1 the distribution was positively skewed (long upper tail). Compared with young American males in the same age group, 26 a lower mean BMI (À1.6 kg/m 2 ) and a lower prevalence of obesity (À7.3%) was shown in the present study. The purpose of calculating BMI is to categorize fatness. It should be noted, however that BMI could potentially misclassify people as being overweight due to high levels of muscle mass. 27 The low scores on both physical tests among the recruits in this study, however, indicate that a high BMI was most likely related to a high level of body fat rather than high levels of muscle mass.
The present study also showed a more favourable lipid profile among the Norwegian recruits than that of 674 young American men (20-29 years) in the National Health and Nutrition Examination Surveys (NHANES, 1999 (NHANES, -2002 . 28 Compared with the NHANES study, the present study demonstrated a lower mean concentration of total cholesterol (À0.77 mmol/l), LDL (À0.67 mmol/l) and triacylglycerol (À0.38 mmol/l) and a higher concentration of HDL (0.17 mmol/l). According to Iribarren et al. 29 young adults with low concentrations of total cholesterol, which was also shown in the present study, have a lipoprotein profile characterized by low atherogenic potential. Results from multiple regression models. Regression coefficients (b) and 95% CI. The variables were entered into the regression models in a single step. n = 537, Ã P 0.01; ÃÃ P 0.001.
Health status among young men
Similar to our study, previous studies have shown that smoking status might be associated with physical fitness levels. 30, 31 Smoking has also been correlated with high concentration of triacylglycerol and low concentration of HDL. 32 This latter mentioned meta-analysis also reported an inverse correlation between exercise and the concentration of both total cholesterol and triacylglycerol and positive correlation with the concentration of HDL. 32 Another noticeable contribution from our study was the significant relationship between the running performance and the concentration of triacylglycerol, which was still significant after adjusting for parental education, age, smoking habits and BMI.
The study also showed that recruits with low BMI, both high and low fitness, had a significantly better lipid profile than recruits with high BMI and low fitness. Furthermore, our findings suggest that men with high BMI and high fitness had a significantly better lipid profile that those with high BMI and low fitness. Similar to the results from the present study, Eisenmann et al. 33 demonstrated a significant different concentration in triacylglycerol and LDL between low BMI/ high fit and high BMI/low fit adolescents. This latter study, however showed no other significant differences in serum lipid concentration across the four cross-tabulated BMI and fitness groups.
In summary, a relatively high prevalence of overweight/ obesity and low physical fitness was shown among the recruits whereas the concentrations of serum lipid were within the normal range among most of the young men participating in the present study. Furthermore, high fitness was related to a better lipid profile among recruits with high BMI. The present study also showed that low paternal educational was also associated with high level of cardiovascular risk factors. Our findings indicate that young adult males, especially those with high BMI and low parental education, should be considered as important target groups of health promotion efforts.
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Key points
Higher levels of paternal education may have positive effects on BMI and lipid profiles of young male adults. In general, the study shows an inverse relationship between running performance and the concentration of triacylglycerol. The study also showed that men with low BMI, both high and low fit, had a better lipid profile than those with high BMI/low fit. Further, men with high BMI/high fit had a better lipid profile that those with high BMI/low fit. The results emphasize the importance of health promotion efforts targeted toward young adults of low socio-economic background, including low parental educational level.
